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REDUCED CONTAMINANT GAS INJECTION
SYSTEM AND METHOD OF USING

BACKGROUND OF THE INVENTION

1. Field of Invention

The present 1invention relates to a gas distribution system
for a vacuum processing system, and more particularly to a
gas distribution system for introducing a process gas in a
vacuum processing system.

2. Description of Related Art

During semiconductor processing, a (dry) plasma etch pro-
cess can be utilized to remove or etch material along fine lines
or within vias or contacts patterned on a silicon substrate. The
plasma etch process generally ivolves positioning a semi-
conductor substrate with an overlying patterned, protective
mask layer, for example a photoresist layer, 1n a processing
chamber.

Once the substrate 1s positioned within the chamber, an
ionizable, dissociative gas mixture 1s itroduced within the
chamber at a pre-specified flow rate, while a vacuum pump 1s
throttled to achueve an ambient process pressure. Thereaftter,
a plasma 1s formed when a fraction of the gas species present
are 10n1zed by electrons heated via the transtier of radio fre-
quency (RF) power either inductively or capacitively, or
microwave power using, for example, electron cyclotron
resonance (ECR). Moreover, the heated electrons serve to
dissociate some species of the ambient gas species and create
reactant specie(s) suitable for the exposed surface etch chem-
1stry.

Once the plasma 1s formed, selected surfaces of the sub-
strate are etched by the plasma. The process 1s adjusted to
achieve appropriate conditions, including an appropriate con-
centration of desirable reactant and 10n populations to etch
various leatures (e.g., trenches, vias, contacts, etc.) in the
selected regions of the substrate. Such substrate matenals
where etching 1s required include silicon dioxide (510,), low
dielectric constant (1.e., low-k) dielectric materials, poly-sili-
con, and silicon nitride.

While the process gas chemistry 1s selected to facilitate the
etch process at the substrate surface, 1t poses a harsh environ-
ment for the interior surfaces of the processing chamber. The
process gas can include corrosive gases that may be detrimen-
tal to components of the processing chamber, and may lead to
the contamination of the substrate, hence reducing yield dur-
ing the fabrication of integrated circuits (ICs)

SUMMARY OF THE INVENTION

The present invention relates to a system for treating a
substrate, and to a system for treating a substrate with a
process gas.

According to one embodiment, a treatment system 1s
described for performing an etch process on a substrate using
a corrosive gas, whereby a gas distribution system for dis-
persing the corrosive gas 1s designed to uniformly distribute
process gas above the substrate while minimizing contami-
nation to the substrate.

According to another embodiment, a treatment system 1s
described, imncluding a process chamber, including a process
space. A process gas supply system 1s 1n fluid communication
with the process chamber and configured to introduce a flow
ol a process gas to the process chamber. A gas distribution
system 1s coupled to the process chamber and configured to
receive the flow of the process gas through an inlet and dis-
tribute the flow of the process gas within a plenum to a
plurality of openings 1in fluid communication with the process
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space. The gas distribution system includes a process gas
diffuser located at the inlet to the gas distribution system and
configured to diffuse the momentum of the flow of the process
gas 1nto the plenum. A holder 1s coupled to the process cham-
ber and configured to support a substrate 1n the process cham-
ber for exposure to the process gas. A vacuum pumping
system 1s coupled to the process chamber and configured to
evacuate the process chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A through 1C 1llustrate a schematic representation
of a procedure for pattern etching a thin film;

FIG. 2 shows a schematic representation of a plasma pro-
cessing system according to an embodiment of the invention;

FIG. 3 shows a schematic representation of a plasma pro-
cessing system according to another embodiment of the
imnvention;

FIG. 4 shows a schematic representation of a plasma pro-
cessing system according to another embodiment of the
imnvention;

FIG. 5 shows a schematic representation of a plasma pro-
cessing system according to another embodiment of the
invention;

FIGS. 6A and 6B illustrate a gas distribution system
according to another embodiment of the invention;

FIGS. 7A and 7B illustrate a gas distribution system
according to another embodiment of the invention; and

FIG. 8 illustrates a gas distribution system according to
another embodiment of the ivention.

DETAILED DESCRIPTION OF SEVERAL
EMBODIMENTS

In the following description, purposes of explanation and
not limitation, specific details are set forth, such as a particu-
lar geometry of the vacuum or plasma processing system and
descriptions of various components. However, it should be
understood that the mvention may be practiced i other
embodiments that depart from these specific details.

In matenial processing methodologies, pattern etching
comprises the application of a thin layer of light-sensitive
material, such as photoresist, to an upper surface of a sub-
strate, that 1s subsequently patterned 1n order to provide a
mask for transferring this pattern to the underlying material
during etching. The patterning of the light-sensitive material
generally mvolves exposure by a radiation source through a
reticle (and associated optics) of the light-sensitive material
using, for example, a micro-lithography system, followed by
the removal of the wrradiated regions of the light-sensitive
maternal (as in the case of positive photoresist), or non-irra-
diated regions (as 1n the case of negative resist) using a devel-
oping solvent.

For example, as shown in FIGS. 1A through 1C, a mask
comprising light-sensitive layer 3 with pattern 2 (such as
patterned photoresist) can be utilized for transtferring feature
patterns into a material such as thin film 4, for example, a
layer of polycrystalline silicon (polysilicon), on a substrate 5.
The pattern 2 1s transferred to the thin film 4 using, for
instance, dry plasma etching, in order to form feature 6, such
as a polysilicon gate, and upon completion of etching, the
mask 3 1s removed. Conventionally, the dry etching process
involves the use of corrosive process gases, such as halogen
containing gases (e.g., HBr, Cl,, NF;, etc.). The inventors
have observed that the use of such gases can lead to particle
contamination arising from the gas distribution system. Typi-
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cally, the interior cavity of the gas distribution system com-
prises bare metal surfaces that are susceptible to corrosion by

such process gases.

According to one embodiment, a plasma processing sys-
tem 1 1s depicted in FIG. 2 comprising a plasma processing,
chamber 10, substrate holder 20, upon which a substrate 25 to
be processed 1s allixed, and vacuum pumping system 50.
Substrate 25 can be a semiconductor substrate, a wafer or a
liquad crystal display. Plasma processing chamber 10 can be
configured to facilitate the generation of plasma 1n processing
region 45 adjacent a surface of substrate 25. An 1onizable gas
or mixture of process gases 1s introduced via a gas distribution
system 40 that 1s configured to reduce or minimize the intro-
duction of contaminants to substrate 235. For a given flow of
process gas, the process pressure 1s adjusted using the
vacuum pumping system 30. Plasma can be utilized to create
materials specific to a pre-determined materials process, and/
or to aid the removal of material from the exposed surfaces of
substrate 25. The plasma processing system 11a can be con-
figured to process substrates of any desired size, such as 200
mm substrates, 300 mm substrates, or larger.

Substrate 25 can be affixed to the substrate holder 20 via a
clamping system 28, such as a mechanical clamping system
or an electrical clamping system (e.g., an electrostatic clamp-
ing system). Furthermore, substrate holder 20 can include a
heating system (not shown) or a cooling system (not shown)
that 1s configured to adjust and/or control the temperature of
substrate holder 20 and substrate 25. The heating system or
cooling system may comprise a re-circulating flow of heat
transfer tluid that recerves heat from substrate holder 20 and
transiers heat to a heat exchanger system (not shown) when
cooling, or transfers heat from the heat exchanger system to
substrate holder 20 when heating. In other embodiments,
heating/cooling elements, such as resistive heating elements,
or thermoelectric heaters/coolers can be included in the sub-
strate holder 20, as well as the chamber wall of the plasma
processing chamber 10 and any other component within the
plasma processing system 1la.

Additionally, a heat transfer gas can be delivered to the
backside of substrate 25 via a backside gas supply system 26
in order to improve the gas-gap thermal conductance between
substrate 25 and substrate holder 20. Such a system can be
utilized when temperature control of the substrate 1s required
at elevated or reduced temperatures. For example, the back-
side gas supply system can comprise a two-zone gas distri-
bution system, wherein the helium gas-gap pressure can be
independently varied between the center and the edge of
substrate 25.

In the embodiment shown 1n FIG. 2, substrate holder 20
can comprise an electrode through which RF power is
coupled to the processing plasma in process space 45. For
example, substrate holder 20 can be electrically biased ata RF
voltage via the transmission of RF power from a RF generator
30 through an optional impedance match network 32 to sub-
strate holder 20. The RF bias can serve to heat electrons to
form and maintain plasma. In this configuration, the system
can operate as a reactive 1on etch (RIE) reactor, wherein the
chamber and an upper gas injection electrode serve as ground
surfaces. A typical frequency for the RF bias can range from
about 0.1 MHz to about 100 MHz. RF systems for plasma
processing are well known to those skilled 1n the art.

Alternately, RF power 1s applied to the substrate holder
clectrode at multiple frequencies. Furthermore, impedance
match network 32 can improve the transier of RF power to
plasma 1n plasma processing chamber 10 by reducing the
reflected power. Match network topologies (e.g. L-type,
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n-type, T-type, etc.) and automatic control methods are well
known to those skilled 1n the art.

Vacuum pump system 30 can include a turbo-molecular
vacuum pump (TMP) capable of a pumping speed up to about
5000 liters per second (and greater) and a gate valve for
throttling the chamber pressure. In conventional plasma pro-
cessing devices utilized for dry plasma etch, a 1000 to 3000
liter per second TMP can be employed. TMPs are usetul for
low pressure processing, typically less than about 50 mTorr.
For high pressure processing (1.e., greater than about 100
mTorr), a mechanical booster pump and dry roughing pump
can be used. Furthermore, a device for monitoring chamber
pressure (not shown) can be coupled to the plasma processing
chamber 10. The pressure measuring device can be, for
example, a Type 628B Baratron absolute capacitance
manometer commercially available from MKS Instruments,
Inc. (Andover, Mass.).

Controller 35 comprises a microprocessor, memory, and a
digital 1/O port capable of generating control voltages suili-
cient to communicate and activate inputs to plasma process-
ing system la as well as monitor outputs from plasma pro-
cessing system 1a. Moreover, controller 535 can be coupled to
and can exchange information with RF generator 30, imped-
ance match network 32, the gas distribution system 40,
vacuum pump system 50, as well as the substrate heating/
cooling system (not shown), the backside gas delivery system
28, and/or the electrostatic clamping system 26. For example,
a program stored 1in the memory can be utilized to activate the
inputs to the alorementioned components of plasma process-
ing system la according to a process recipe in order to per-
form a plasma assisted process on substrate 25. One example
of controller 55 1s a DELL PRECISION WORKSTATION
610™  available from Dell Corporation, Austin, Tex.

Controller 35 can be locally located relative to the plasma
processing system 1a, or 1t can be remotely located relative to
the plasma processing system 1a. For example, controller 335
can exchange data with plasma processing system 1a using a
direct connection, an intranet, and/or the internet. Controller
535 can be coupled to an intranet at, for example, a customer
site (1.e., a device maker, etc.), or 1t can be coupled to an
intranet at, for example, a vendor site (i.e., an equipment
manufacturer). Alternatively or additionally, controller 55
can be coupled to the internet. Furthermore, another com-
puter (1.e., controller, server, etc.) can access controller 55 to
exchange data via a direct connection, an intranet, and/or the
internet.

In the embodiment shown 1n FIG. 3, the plasma processing,
system 16 can be similar to the embodiment of FIG. 2 and
turther comprise either a stationary, or mechanically or elec-
trically rotating magnetic field system 60, in order to poten-
tially increase plasma density and/or improve plasma pro-
cessing uniformity, in addition to those components
described with reference to FIG. 2. Moreover, controller 55
can be coupled to magnetic field system 60 1n order to regu-
late the speed of rotation and field strength. The design and
implementation of a rotating magnetic field 1s well known to
those skilled in the art.

In the embodiment shown 1n FI1G. 4, the plasma processing,
system 1¢ can be similar to the embodiment of FIG. 2 or FIG.
3, and can further comprise an upper electrode 70 to which RF
power can be coupled from RF generator 72 through optional
impedance match network 74. A frequency for the application
of RF power to the upper electrode can range from about 0.1
MHz to about 200 MHz. Additionally, a frequency for the
application of power to the lower electrode can range from
about 0.1 MHz to about 100 MHz. Moreover, controller 55 1s
coupled to RF generator 72 and impedance match network 74
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in order to control the application of RF power to upper
clectrode 70. The design and implementation of an upper
clectrode 1s well known to those skilled in the art. The upper
clectrode 70 and the gas distribution system 40 can be
designed within the same chamber assembly, as shown.

In the embodiment shown 1n FIG. 5, the plasma processing
system 1d can be similar to the embodiments of FIGS. 2 and
3, and can further comprise an inductive coil 80 to which RF
power 1s coupled via RF generator 82 through optional
impedance match network 84. RF power 1s inductively
coupled from 1nductive coil 80 through a dielectric window
(not shown) to plasma processing region 45. A frequency for
the application of RF power to the inductive coil 80 can range
from about 10 MHz to about 100 MHz. Similarly, a frequency
tor the application of power to the chuck electrode can range
from about 0.1 MHz to about 100 MHz. In addition, a slotted
Faraday shield (not shown) can be employed to reduce
capacitive coupling between the inductive coil 80 and plasma.
Moreover, controller 35 can be coupled to RF generator 82
and impedance match network 84 in order to control the
application of power to inductive coil 80. In an alternate
embodiment, inductive coil 80 can be a “spiral” coil or “pan-
cake” coil in communication with the plasma processing
region 45 from above as 1n a transformer coupled plasma
(TCP) reactor. The design and implementation of an induc-
tively coupled plasma (ICP) source, or transformer coupled
plasma ('TCP) source, 1s well known to those skilled in the art.

Alternately, the plasma can be formed using electron
cyclotron resonance (ECR). In yet another embodiment, the
plasma 1s formed from the launching of a Helicon wave. In yet
another embodiment, the plasma 1s formed from a propagat-
ing surface wave. Each plasma source described above 1s well
known to those skilled 1n the art.

In the following discussion, a gas distribution system for
introducing a process gas to a vacuum processing system 1s
presented. The gas distribution system may, for example, be
utilized (as illustrated by label 40) in any one of the plasma
processing systems described imn FIGS. 2 through 5, or a
plasma processing system with any combination of features
from the systems of FIGS. 2 through 5.

Referring now to FIGS. 6A and 6B, a gas distribution
system 100 1s presented according to one embodiment. The
gas distribution system 100 1s configured to be coupled to a
processing chamber and to recerve a tlow of a process gas
from a process gas supply system through a gas supply inlet
110 and distribute the flow of the process gas within a plenum
132 to a plurality of openings 138 1n fluid communication
with a process space 1n the processing chamber. Furthermore,
the gas distribution system 100 comprises a process gas dif-
tuser 120 located at the inlet 110 to the gas distribution system
100, wherein the process gas diffuser 120 1s configured to
diffuse the momentum of the tlow of the process gas into the
plenum 132 such that the process gas 1s distributed to each of
the plurality of openings 138 1n such a way that the non-
uniformity in plenum pressure 1s reduced.

As shown 1n FIG. 6 A, the gas distribution system 100 may
comprise an upper assembly 140 configured to be coupled to
the processing chamber. The upper assembly 140 may or may
not comprise an electrode assembly. The upper assembly 140
may be coupled to electrical ground as 1n FIGS. 2, 3 and 5, or
the upper assembly 140 may be coupled to electrical power as
in FI1G. 4 (label 70). The upper assembly 140 can include an
clectrode assembly having a first plate 142, through which
gas supply inlet 110 1s formed, and a second plate 144 coupled
to the first plate 142, wherein the combination of the first and
second plates are configured to retain the process gas diffuser
120 between a support shelf 148 formed 1n the second plate
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144 and a surface 146 of the first plate 142. Vacuum sealing
devices, such as elastomer O-rings, may be utilized to provide
a vacuum seal between the first plate 142, the second plate
144 and the process gas diffuser 120. Alternatively, the
assembly 140, including the process gas diffuser 120, can
comprise a monolithic piece.

Additionally, the gas distribution system 100 comprises a
gas mnjection system 130 coupled to the upper assembly 140
and configured to recerve the flow of process gas from the
process gas difluser 120. The gas mjection system 130 com-
prises a housing 134 and a gas distribution plate 136 coupled
to the housing 134, wherein the gas distribution plate 136
comprises the plurality of openings 138 that facilitates a
uniform tlow of process gas from plenum 132 to the process-
ing space 1n the processing chamber.

As 1llustrated 1n FIG. 6B, the process gas diffuser 120
comprises a lip 129 configured to be captured by the support
shellf 148 in the second plate 144, and further comprises a
diffuser inlet 122 configured to be coupled with the gas sup-
ply inlet 110, a diffuser outlet 124 configured to be coupled
with the plenum 132 in gas injection system 130, and a
divergent passage 126 extending from the diffuser inlet 122 to
the diffuser outlet 124. The divergent passage 126 may com-
prise a conical passage, wherein the half angle of the diffuser
wall 128 1s less than or equal to approximately 20 degrees.
Desirably, the half angle of the diffuser wall 128 1s less than
or equal to approximately 18 degrees, and more desirably, the
half angle of the diffuser wall 1s less than or equal to approxi-
mately 15 degrees. As illustrated in FIG. 6B, the outlet area at
the diffuser outlet 124 1s larger than the inlet area at the
diffuser inlet 122. When the outlet area 1s twice as large as the
inlet area, the pressure recovery associated with the impact of
the process gas flow on gas distribution plate 136 1s reduced
by a factor of four. When the outlet area 1s four times as large
as the inlet area, the pressure recovery associated with the
impact of the process gas flow on gas distribution plate 136 i1s
reduced by a factor of sixteen.

The plurality of openings 138 1n gas distribution plate 136
can range 1n number from approximately 1 opening to
approximately 1000 openings, and desirably they may range
in number from approximately 10 openings to approximately
100 openings. The gas distribution plate 136 can be designed
with the plurality of openings 138, each opening having a
diameter ranging from approximately 0.5 mm to approxi-
mately 10 mm, and desirably ranging from approximately 0.5
mm to approximately 2 mm. Alternatively, the gas distribu-
tion plate 136 can be designed with the plurality of openings
138, each opening having a length ranging from approxi-
mately 1 mm to approximately 20 mm, and desirably ranging
from approximately 1 mm to approximately 3 mm.

By utilizing the process gas diffuser 120 and not locating,
one or more of the plurality of openings 138 directly opposite
the diffuser outlet 124, the variation of pressure within the
plenum 132 can be reduced particularly near the diffuser
outlet 124, and the potential for a non-uniform tlux of process
oas through the plurality of openings 138 can be mitigated.
Additionally, the plenum height may be reduced and the
conventional use of a baiflle plate located within the plenum
132 between the inlet plane of the plenum 132 and the gas
distribution plate 136 may be eliminated, thus allowing for
reduction of the overall thickness of the gas injection system
130. The gas injection system 130 can be fabricated from a
dielectric material. The plenum height may be designed to be
less than approximately 5 mm, and desirably the plenum
height can be designed to be less than approximately 3 mm.

The gas distribution system 100, including the upper
assembly 140, the process gas diffuser 120 and the gas injec-
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tion system 130, may be fabricated from a metal, such as
aluminum or anodized aluminum, or a ceramic. Any one of
these components may be fabricated from quartz, silicon,
silicon nitride, silicon carbide, alumina, aluminum nitride,
sapphire, carbon etc., or any combination of two or more
thereol. Additionally, any one of these components, such as
interior surfaces of these components, can be coated with a
ceramic material, such as aluminum oxide or yttrium oxide.
For example, any one of these components, such as interior
surfaces of these components; may be coated with a material
including Al,O;, Sc,0;, Sc,F,, YF,, La,0,,Y,0;, or DyOs;.
Alternatively these surfaces may be coated with a column 111
clement.

In one example, the upper assembly 140 1s fabricated from
aluminum with or without surface anodization. The upper
assembly 140 can serve as an electrode assembly and it can be
coupled to an electrical power source, such as a radio fre-
quency (RF) power source. The gas mjection system 130 can
be fabricated from a dielectric material, such as quartz, in
order to permit the coupling of RF power from the upper
assembly 140 through the gas injection system 130 to the
process gas in the processing space. Additionally, the process
gas diffuser 120 can be fabricated from a dielectric material,
such as quartz. When the process gas contains a corrosive gas,
such as HBr, Cl,, NF;, etc., the process gas diffuser 120 and
the gas injection system 130 can be fabricated from quartz in
order to minimize contamination of the substrate in the pro-
cessing chamber.

Referring now to FIGS. 7A and 7B, a gas distribution
system 200 1s presented according to another embodiment.
The gas distribution system 200 can be similar to the embodi-
ment of FIG. 6 A, wherein like reference numerals designate
similar parts. The gas distribution system 200 1s configured to
be coupled to a processing chamber and to recerve a flow of a
process gas from a process gas supply system through a gas
supply inlet 110 and distribute the tlow of the process gas
within a plenum 132 to a plurality of openings 138 1n fluid
communication with a process space 1n the processing cham-
ber. Furthermore, the gas distribution system 200 comprises a
process gas diffuser 220 located at the inlet 110 to the gas
distribution system 200, wherein the process gas diffuser 220
1s configured to diffuse the momentum of the flow of the
process gas into the plenum 132 such that the process gas 1s
distributed to each of the plurality of openings 138 in such a
way that the non-uniformity 1n plenum pressure 1s reduced.

As 1llustrated 1n FIG. 7B, the process gas diffuser 220
comprises a lip 229 configured to be captured by the support
shell 148 1n the second plate 144, and further comprises a
diffuser inlet 222 configured to be coupled with the gas sup-
ply inlet 110, a diffuser outlet 224 configured to be coupled
with the plenum 132 in gas injection system 130, and a
divergent passage 226 extending {rom the diffuser inlet 222 to
the diffuser outlet 224. The process gas diffuser 220 further
comprises an orifice plate 228, having one or more orifices
227, located at the diffuser outlet 224. The divergent passage
226 may comprise a cross-section that gradually varies from
the diffuser inlet 222 to the diffuser outlet 224, as 1n FIG. 6B,
or the divergent passage may comprise a cross-section that
abruptly varies from an inlet section 223 to an outlet section
225, as1n FIG. 7B. For example, the inlet diameter of the inlet
section 223 can abruptly expand to the outlet diameter of the
outlet section 225.

Referring now to FIG. 8, a gas distribution system 300 1s
presented according to another embodiment. The gas distri-
bution system 300 1s configured to be coupled to a processing,
chamber and to recetve a flow of a process gas from a process
gas supply system through a gas supply 1nlet 310 and distrib-
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ute the flow of the process gas within a plenum 332 to a
plurality of openings 338 1n fluid communication with a pro-
cess space 1n the processing chamber. Furthermore, the gas

distribution system 300 comprises a process gas difluser 320
located at the inlet 310 to the gas distribution system 300,
wherein the process gas diffuser 320 1s configured to diffuse
the momentum of the flow of the process gas mto the plenum
332 such that the process gas 1s distributed to each of the
plurality of opemings 338 in such a way that the non-unifor-
mity i plenum pressure 1s reduced.

As shown 1n FIG. 8, the gas distribution system 300 may
comprise an upper assembly 340 configured to be coupled to
the processing chamber. The upper assembly 340 may or may
not comprise an electrode assembly. The upper assembly 340
may be coupled to electrical ground as in FIGS. 2, 3 and 5, or
the upper assembly 340 may be coupled to electrical power as
in FI1G. 4 (label 70). For example, the upper assembly 340 can
include an electrode assembly having a first plate 342,
through which gas supply inlet 310 1s formed, and a second
plate 344 coupled to the first plate 342, wherein the combi-
nation of the first and second plates are configured to retain
the process gas diffuser 320 between a support shelf 348
formed 1n the second plate 344 and a surface 343 of the first
plate 342. Vacuum sealing devices, such as elastomer
O-rings, may be utilized to provide a vacuum seal between the
first plate 342, the second plate 344 and the process gas
diffuser 320. Alternatively, the assembly 340, including the
process gas diffuser 320, comprises a monolithic piece.

Additionally, the gas distribution system 300 comprises a
gas mnjection system 330 integrated with the upper assembly
340 and configured to receive the tlow of process gas from the
process gas diffuser 320. The gas 1njection system 330 com-
prises a recess 334 formed 1n the second plate 344 and a gas
distribution plate 336 coupled to the second plate 344,
wherein the gas distribution plate 336 comprises the plurality
of openings 338 that facilitates a uniform tlow of process gas
from plenum 332 to the processing space in the processing
chamber. The process gas diffuser 320 can include the process
gas diffuser 120 illustrated 1n FIG. 6B, or 1t may include the
process gas diffuser 220 illustrated in FIG. 7B.

The plurality of openings 338 1n gas distribution plate 336
can range 1n number from approximately 1 opening to
approximately 1000 openings, and desirably they may range
in number from approximately 10 openings to approximately
100 openings. The gas distribution plate 336 can be designed
with the plurality of openings 338, each opening having a
diameter ranging ifrom approximately 0.5 mm to approxi-
mately 10 mm, and desirably ranging from approximately 0.5
mm to approximately 2 mm. Alternatively, the gas distribu-
tion plate 336 can be designed with the plurality of openings
338, cach opening having a length ranging from approxi-
mately 1 mm to approximately 20 mm, and desirably ranging
from approximately 1 mm to approximately 3 mm.

By utilizing the process gas diffuser 320 and not locating,
one or more of the plurality of openings 338 directly opposite
the diffuser outlet, the variation of pressure within the plenum
332 can be reduced, particularly near the diffuser outlet, and
the potential for a non-uniform flux ol process gas through the
plurality of openings 338 can be mitigated. Additionally, the
plenum height may be reduced and the conventional use of a
batile plate located within the plenum 332 between the nlet
plane of the plenum 332 and the gas distribution plate 336
may be eliminated, thus allowing for reduction of the overall
thickness of the gas injection system 330. The gas injection
system 330 can be fabricated from a dielectric material. The
plenum height may be designed to be less than approximately
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5> mm, and desirably the plenum height can be designed to be
less than approximately 3 mm.

The gas distribution system 300, including the upper
assembly 140, the process gas diffuser 320 and the gas injec-
tion system 330, may be fabricated from a metal, such as
aluminum or anodized aluminum, or a ceramic. For example,
any one of these components may be fabricated from quartz,
silicon, silicon nitride, silicon carbide, alumina, aluminum
nitride, etc. Additionally, any one of these components, such
as 1nterior surfaces of these components, can be coated with a
ceramic material, such as aluminum oxide or yttrium oxide.
Any one of these components, such as interior surfaces of
these components, may be coated with a material including,
Al,O,, Sc,0,, Sc,F,, YF,, La,O,,Y,0,, and DyQO,.

In one example, the upper assembly 340 1s fabricated from
aluminum with or without surface anodization. The upper
assembly 340 can serve as an electrode assembly and 1t can be
coupled to an electrical power source, such as a radio fre-
quency (RF) power source. The gas distribution plate 336 can
be fabricated from a dielectric material, such as quartz, or it
may be fabricated from aluminum or anodized aluminum in
order to permit the coupling of RF power from the upper
assembly 340 to the process gas in the processing space.
Additionally, the process gas diffuser 320 can be fabricated
from a dielectric material, such as quartz. For istance, when
the process gas contains a corrosive gas, such as HBr, Cl,,
NF;, etc., the process gas diffuser 320 can be fabricated from
quartz in order to mimmize contamination of the substrate 1in
the processing chamber, and the interior surfaces of the recess
334 and the gas distribution plate 336 can be coated. Option-
ally, a sacrificial gas distribution plate 337 having a plurality
of through-holes aligned with the plurality of openings 338 1n
gas distribution plate 336 may be used. The sacrificial gas
distribution plate 337 may be fabricated from quartz, silicon,
silicon nitride, silicon carbide, alumina, aluminum nitride,
etc.

Although only certain embodiments of this invention have
been described in detail above, those skilled in the art waill
readily appreciate that many modifications are possible 1in the
embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all
such modifications are intended to be included within the
scope of this invention.

The mvention claimed 1s:

1. A treatment system, comprising:

a process chamber, including a process space;

a process gas supply system 1n fluid communication with
said process chamber and configured to introduce a tlow
of a process gas to said process chamber;

a gas distribution system coupled to said process chamber,
said gas distribution system comprises a housing and a
gas distribution plate coupled to said housing, the com-
bination of which defines a plenum which receives said
flow of said process gas through an entrance to said
plenum and distributes said flow of said process gas to a
plurality of openings in said gas distribution plate that
are 1 tluid communication with said process space,
wherein said housing and said gas distribution plate are
formed of a dielectric material, wherein said gas distri-
bution system comprises a process gas diffuser that com-
prises a divergent passage having an inlet coupled to an
exit of said process gas supply system, and an outlet
coupled to said plenum and located at said entrance to
said plenum of said gas distribution system, said process
gas diffuser diffuses the momentum of said tlow of said
process gas 1nto said plenum, and wherein said outlet of
said process gas diffuser comprises a cross-sectional

10

15

20

25

30

35

40

45

50

55

60

65

10

area that 1s larger than a cross-sectional area of said inlet
of said process gas diffuser and smaller than a cross-
sectional area of said plenum;

a holder coupled to said process chamber and configured to
support a substrate 1n said process chamber for exposure
to said process gas;

a vacuum pumping system coupled to said process cham-
ber and configured to evacuate said process chamber;
and

an upper electrode coupled to said process chamber and
disposed opposite said holder, wherein said upper elec-
trode 1s coupled to a radio frequency (RF) generator and
configured to form plasma 1n said process space by
coupling RF power from said RF generator to said upper
clectrode and through said gas distribution system to
said process gas 1n said process space, and wherein said
gas distribution system 1s disposed between said upper
clectrode and said holder.

2. The treatment system of claim 1, wherein said divergent
passage comprises a conical passage having a half angle less
than or equal to approximately 20 degrees.

3. The treatment system of claim 1, wherein said divergent
passage comprises a conical passage having a half angle less
than or equal to approximately 18 degrees.

4. The treatment system of claim 1, wherein said divergent
passage comprises a conical passage having a half angle less
than or equal to approximately 15 degrees.

5. The treatment system of claim 1, wherein said process
gas diffuser further comprises an orifice plate, separate from
said gas distribution plate, at said outlet of said divergent
passage.

6. The treatment system of claim 3, wherein said divergent
passage comprises a cylindrical inlet having an inlet diameter
and a cylindrical outlet having an outlet diameter that s larger
than said inlet diameter.

7. The treatment system of claim 6, wherein said inlet
diameter steps out to said outlet diameter.

8. The treatment system of claim 1, further comprising a
coating disposed on at least one interior surface of said gas
distribution system.

9. The treatment system of claim 8, wherein said coating 1s
an anodic layer.

10. The treatment system of claim 8, wherein said coating
contains at least one column III element.

11. The treatment system of claim 8, wherein said coating
contains a material including Al,O;, Sc,0,, Sc,F;, YF;,
La,O,, Y, 0, or DyO,.

12. The treatment system of claim 1, wherein said gas
distribution system 1s formed of aluminum having a coating
thereon.

13. The treatment system of claim 1, wherein said housing,
said gas distribution plate, and said process gas diffuser are
formed of quartz, alumina, aluminum nitride, sapphire, sili-
con, silicon nitride, silicon carbide, or carbon, or a combina-
tion of two or more thereof.

14. The treatment system of claim 1, wherein said plenum
comprises a cylindrical volume having a height less than or
equal to approximately 5 mm.

15. The treatment system of claim 1, wherein said plenum
comprises a cylindrical volume having a height less than or
equal to approximately 3 mm.

16. The treatment system of claim 1, wherein:

said outlet of said process gas diffuser 1s positioned oppo-
site from a portion of said gas distribution plate void of
any of said plurality of openings.
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